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1.0 INTRODUCTION

Michael Baker Jr., Inc. (Baker) has been tasked by the National Park Service (NPS), Washington Area
Support Office (WASO), to provide a Preliminary Assessment (PA) Report for Potential Radiological
Contamination at Great Kills Park (Environmental Cleanup Liability [ECL] Site 1580). The Great
Kills Park is located within the Staten Island Unit of Gateway National Recreation Area (GATE). The
purpose of the PA is to investigate suspected radiological contamination possibly associated with an
area of the park previously landfilled (Site) and provide recommendations on future action if
necessary. Based upon available information related to the Site, it is believed that radium wastes
resulting from Technologically Enhanced Naturally Occurring Radioactive Material (TENORM) and
its decay products have been disposed of, and are present at the Site. Specifically, Radium-226 (Ra-
226) has been detected. This document provides a site history, technical review, current status, and
recommendations for the Site. The PA Report is based on a compilation and review of available
literature and interviews with persons knowledgeable about the Site. The work was performed under
General Services Administration (GSA) Contract Number GS-00F-0032M, Task Order T2420060100.

1
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2.0 SITE BACKGROUND, ENVIRONMENTAL SETTING, AND FINDINGS

This section presents specific information on the GATE, Staten Island Unit and Great Kills Park,
including a discussion of history, background, environmental settings, topography, surface hydrology,
drainage, and geology. Figure 1 presents a General Location Map of GATE and Figure 2 presents a

General Location Map of Great Kills Park.

2.1 Gateway National Recreational Area

2.1.1  Description and History

GATE, which was established by the NPS on October 27, 1972, provides recreational and learning
opportunities including swimming, boating, fishing, team sports, bicycling, and nature study. The
living world can be explored in a wildlife refuge, holly forest, ocean beaches, dunes and wooded
coastal uplands. In addition, GATE has historical structures including the nation’s oldest operating
lighthouse, forts, and two historic airfields (NPS, 2007). GATE is a 26,607 acre National Recreation
Area in the New York City (NYC) metropolitan area comprised of three separate units including the
Jamaica Bay Unit (Brooklyn and Queens), Staten Island Unit and Sandy Hook Unit which is located
on the northern shore of New Jersey (Figure 1). The Staten Island Unit is located on the southeast
shore of Staten Island within Lower New York Bay (Wikipedia, 2007). It includes Fort Wadsworth,
Miller Field, Hoffman and Swinburne Island, and Great Kills Park on Great Kills Harbor. Great Kills
Park is located on the east and south (Crookes Point) of Great Kills Harbor and on the shoreline of
Lower New York Bay (Figure 2). Great Kills Park has a seasonal, guarded swimming beach, a marina,
athletic fields, a public boat ramp, nature trails, a model airplane field, fishing area, and trails for

walking and jogging.

2.1.2 Regional Geology/Hydrogeology

GATE consists of over 28 miles of open to near open ocean shoreline at the entrance of New York
Harbor. Park geology includes Pleistocene glacial/terrace deposits and Quaternary alluvium at Breezy
Point, Jamaica Bay, and Sandy Hook Units. The Staten Island Unit is comprised of glacial outwash

sands and gravels left over from a terminal moraine of the Laurentide icesheet that passed across
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Staten Island (Figure 3). The glacial material is underlain by Cambrian/Ordovician metamorphic
rocks. (Benimoff, 2003).

2.2 Great Kills Park Landfill History

In 1933, the Marine Park Project was initiated to develop the Great Kills Harbor and vicinity as a
shorefront recreation area. The project was administrated by the New York City Department of Parks
and consisted of dredging over 1,500,000 cubic yards of sand from the harbor to fill low areas of
Crooke’s Neck and attach Crooke’s Point to the Mainland. A steel bulkhead was constructed along the
harbor side of the spit to impede the disposition of sand into the harbor. A filling and grading operation
(i.e., the Great Kills Landfill) was initiated on the mainland to make the lowland areas accessible as a
public park (NPS, not dated). Figures 4 and 5 show the prelandfill and current conditions, respectively
(NPS, 1992). Appendix A includes historical topographic maps (two dated 1900 and one date 1905)
showing Crooke’s Point, Crooke’s Neck and the wetland conditions of the mainland. Note that the
historical topographic maps generally show Crooke’s Point attached to the mainland. It is assumed,

based on the Marine Park Project, that this area was low-lying, similar to a tidal flat.

Placement of sanitation controlled fill at Great Kills began in November 1944 and was completed in July
1948. Additional bulkheading, unloading and other facilities were constructed prior to initiating the
backfilling operations. The landfill operations were moved from the Sound View Park located in lower
Bronx. Reportedly, 15 million cubic yards of refuse material from the boroughs of New York City were
transported by barges and trucks to the landfill to bring the park up to grade. The thickness of the fill
material ranged between 8 and 15 feet and was covered with a layer of topsoil composed of clay and
sludge obtained from the city sewage. Appendix A includes a historical topographic map dated 1947 that
shows the wetland conditions and the location of an incinerator. Appendix B provides historical aerial
photographs of Great Kills Park. The aerial photograph dated 1949 shows barren, landfill type
conditions (note the growth of vegetation and development of the Park in the subsequent aerial
photographs). Figure 6 shows the extent of landfill soils as determined by the soil survey conducted by

the Natural Resources Conservation Service (NRCS) in 2000.

A letter from the Park Commissioner to the Mayor of New York City dated July 1, 1949, stated that the

landfilling operation resulted in a savings of at least $5,000,000 in construction costs and that the park
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would not have been opened to public use for many years if the grading had been completed by any other
method (Moses, 1949).

2.3 Previous Great Kills Park Landfill Study

Based on available documentation (e.g., web search and documentation provided by the NPS), one
environmental study has been performed at Great Kills Park. The results are presented in the
Structural Engineering Services Report for the Beach and Bathhouse Facility (Johnson, 1985). The
primary purpose of the study was to assess and address erosion impacts to the bathhouse and a portion of
a sewer line. The secondary purpose of the report was to characterize the nature and boundaries of the
landfill; although the investigation did not include the entire landfill area, and the report does not explain
why. It is understood that the 1985 investigation focused only on the portion of the landfill where

construction was planned at that time.

Field investigations in the 1985 Johnson study included a magnetometer survey, test trenching at
41 locations, installation of four groundwater monitoring wells, and the collection of three soil and four
groundwater samples for analyses. The samples were analyzed for volatile organic compounds (VOCs),
semivolatile organic compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs) and metals. In
addition, one trip blank and one equipment blank were analyzed for VOCs. Figure 7 shows the

investigation area including the locations of the 41 test trenches and four groundwater samples.

No detections or regulatory exceedances were reported for the three soil samples. VOCs including
toluene (4.8 ug/L, 7.4 ug/L, and 20.3 pg/L) and tetrachloroethene (PCE) (9.1 ug/L, 4.8 ug/L and
3.3 ug/L) were reported in three of four groundwater samples. However, toluene (9.2 ug/L) and PCE
(10.8 ug/L) also were detected in the “Equipment Blank” sample, indicating that the VOCs reported for
the groundwater samples likely were the result of cross-contamination or other nongroundwater sources.
A Field Blank was not collected and analyzed; consequently, the specific source of the artificially
introduced VOCs cannot be determined. As a point of reference, the Maximum Contaminant Levels

(MCLs) for toluene and PCE are 1,000 pg/L and 5 pg/L, respectively.

The 1985 report concluded that the fill area is confined to the northwest quadrant of the park and stated

that garbage was not observed in the Crooke’s Point area or the approach spit (i.e., Crooke’s Neck).
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Much of the garbage fill was described as black and well-reduced and may be an incinerator residue
(recall the incinerator shown on the Appendix A historical topographic map dated 1947). Appendix C
provides three test pit photographs showing the black and brown garbage fill. This conclusion supports
the reported history of the park (i.e., dredging the harbor to attach Crooke’s Point to the mainland with a

landfilling operation on the mainland to make the lowland areas accessible as a public park).

5
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3.0 HISTORY OF RADIOLOGICAL MEASUREMENTS

This section presents a chronology and summary of radiological measurements collected at the Site.

Figure 8 shows the approximate locations of the five areas as referenced below.

On August 2, 2005, the U. S. Department of Energy (DOE) and New York City Police Department
(NYPD) Counter Terrorism Team detected a radioactive emission near the Great Kills Park Model
Airplane Field while performing an aerial background radiation survey of the New York City
metropolitan area. Further investigation by the NYPD Department of Emergency Services, DOE, and
NPS revealed a maximum reading of 1.2 microrems (Figure 8, NYPD Flyover). It was concluded that
the level of radioactivity was not dangerous to humans unless ingested or direct exposure occurred for

more that 100 hours, and they recommended restricting access to the Site as a preventive measure.

NPS fire management activities involving the widening of fire roads in the vicinity of the Model Airplane
Field had been conducted on August 1, 2005. As a typical maintenance activity during the growing
season, a front-end loader and riding mower were used to clear the road and maintain access. Additional
information indicated that a bulldozer was used to widen the roads and excavate buried phragmites root

systems. Itis suspected that these activities exposed the radiological source detected on August 2, 2005.

On August 3, 2005, the NYPD Department of Emergency Services, DOE, NPS and the U.S.
Environmental Protection Agency (USEPA) continued to survey the area where the radioactive emission
was detected. A reading of 1.18 milliRoentgen per hour (mR/hr) was obtained with an Exploranium GR-
135 meter. This meter is used to detect the presence of radioactive emissions in field operations. It
allows the user to survey the area (locate the source), measure dose (exposure hazard level), and analyze
(identify) nuclides. It was concluded that the radionuclide contaminant was Radium-226 (Ra-226). A
summary of USEPA’s Radiation Response Investigation, including screening results and a location map,
is provided in Appendix D. The USEPA also recovered several small pieces of rusted metal (Bomar,
5/2/06) and advised the NPS to erect a fence/barrier, allow vegetation to grow, and monitor the area every
90 days.

On August 4, 2005, the Office of Health, Safety and Ranger Services determined that the risk of

exposure is low and provided the following recommendations, which were implemented by NPS:

6

C:\Users\mkrah\Desktop\GATE - Great Kills Landfill\2. Project Information\Preliminary Assessment_2007\Great Kills Landfill - PA Report_FINAL_082007.doc



o Employees should be directed to erect a barrier fence. No need for Personal Protective

Equipment was identified.

o Keep Outsigns should be placed in and around the area, but should be removed once the area is

completely revegetated.

¢ Allemployees who worked on the fire road widening project should be given the opportunity (if
they wish) to meet with the Park Public Health Officer, the Park Safety Officer, or the Park

Environmental Protection Specialist.

On March 15, 2007, NPS employees detected an emission during a survey of an area where a brush fire
had occurred on March 6, 2007 (Figure 8, Brush Fire). The NYPD was notified and they responded
along with the DOE Radiological Assistance Program (RAP) team. The highest gamma reading obtained
by the RAP Team was 0.2mR/hr. Readings by the NYPD Counter Terrorism Division were not reported.

In response to the March 15, 2007 detections, New York City Department of Health and Mental Hygiene
(NYCDOHMH) conducted a survey on March 21, 2007. The NYCDOHMH observed readings of
10 mR/hr (contact on the grass) and 0.5 mR/hr (one meter above ground) at a spot “just off the road
leading to the model airplane field” (Figure 8, Sewerline Road #1). NYCDOHMH also stated that
natural background readings for the area are normally 0.01 mR/hr. NYCDOHMH requires its
radioactive materials licensees and registrants to limit exposure to the public to 2mR/hr and 100mR/year.
A copy of the NYCDOHMH’s March 22, 2007 survey summary letter is provided in Appendix E.

On March 30 and April 3, 2007, the NYCDOHMH conducted a limited gamma radiological survey of
the public access areas including ball fields #1 through #5 and parking lot, Model Airplane Field and
parking lot, fishing area (Harbor Beach) and access road, hiking trail, Sewerline Road, Fire Road, and the
main Park access road (Buffalo Street). The survey confirmed the locations of the three previously
identified areas and identified two additional areas; south of ball field #1 and east of the Model Airplane
Field parking lot (Figure 8, South of Ball Field #1 and Sewerline Road #2). The NYCDOHMH
concluded that while the radiation levels from the sources were many times above background, the levels
were reduced to background when measured 3 feet from the source (NYCDOHMH, 2007). The

NYCDOHMH recommended that a radiological contamination assessment be conducted at the park.

7
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4.0 RADIUM BACKGROUND AND INFORMATION

Radium (chemical symbol Ra) is a naturally occurring radioactive metal. Its most common isotopes
are radium-226, radium-224, and radium-228. Radium is a radionuclide formed by the decay of
uranium and thorium in the environment. It occurs at low levels in virtually all rock, soil, water,
plants, and animals. Ra-226 (the nuclide detected at Great Kills Park), the most common isotope, is an
alpha emitter, with accompanying gamma radiation and has a half-life of about 1600 years. Radium
decays to form isotopes, one of which is radioactive gas radon, which is not chemically reactive.
Stable lead is the final product of this lengthy radioactive decay series. The decay progeny for Ra-226

and associated radiation types and energies are shown in Figures 9 and 10.

Radium was discovered in the early 1900s. At that time, the dangers of radium were not understood.
It displayed seemingly mysterious properties, such as the luminescence produced when it is mixed
with a phosphor. Industries sprang up to manufacture hundreds of consumer products containing

radium. Glow in the dark watch and clock faces were very popular.

Most of its original uses have been halted for health and safety reasons, but its wide use in luminescent
paints continued through World War Il because the soft glow of radium'’s luminescence made aircraft
dials, gauges and other instruments visible to their operators at night. Radium was also an early
radiation source for cancer treatment. Small seeds were implanted in tumors to kill cancerous cells.

Safer, more effective radiation sources, such as cobalt-60 have since mostly replaced it.

Radium emits several different kinds of radiation, in particular, alpha particles and gamma radiation.
The alpha particle is only a concern if radium is taken into the body through inhalation or ingestion.
Gamma radiation can penetrate the body, so gamma emitters like radium can result in exposures even
when the source is a distance away or not properly shielded. Long-term exposure to radium increases
the risk of developing several diseases. Inhaled or ingested radium increases the risk of developing
such diseases as lymphoma, bone cancer, and diseases that affect the formation of blood, such as
leukemia and aplastic anemia. These effects usually take years to develop. External exposure to

radium’'s gamma radiation increases the risk of cancer to varying degrees in all tissues and organs.

However, the greatest health risk from radium is from exposure to its radioactive decay product radon.

It is common in many soils and can accumulate in homes and other buildings.

8
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Ra-226 is also identified as a naturally occurring radioactive material (NORM). NORM generally
contains radionuclides found in nature. NORM is not regulated by the Nuclear Regulatory
Commission (NRC). However, it is regulated by the state of New York. The New York State
Department of Environmental Conservation (NYSDEC) Technical Administrative Guidance
Memorandum (TAGM) 4003 recommends a maximum dose limit to the general public of 10
milliReongten per year (mR/yr) above background for free release of a site following the cleanup of

radioactively contaminated materials.

4.1 Understanding the Measurements

For the purposes of this discussion, it is assumed that the greatest hazard presented is the gamma

radiation being emitted from the unknown sources.

The roentgen (R) is a unit of measurement for exposure to ionizing radiation in air (X or gamma rays).
Roughly, it is the amount of radiation required to liberate positive and negative charges in air. A dose

of 500 R in 5 hours is lethal for humans.

Note that the absorbed dose (R) is not a good indicator of the likely biological effect. In order to
describe biological effects, other methods are used. The measurement “roentgen equivalent man” or
“rem” reflects the biological effects of radiation as opposed to the physical aspects, which are
characterized by the absorbed dose, measured in R. The average radiation dose from exposure to
natural and man-made background radiation in the United States is approximately 360 milli-roentgen
equivalent man per year (mrem/yr) (Norris, 2007). The different forms of radiation (e.g., alpha, beta,
gamma, X, neutron, etc.) have been assigned different quality factors in order to describe absorbed
dose equivalents (Norris, 2007). Gamma radiation has a quality factor of 1. Generally speaking, 1 R

of exposure to gamma radiation will result in an effective dose equivalent of 1 rem.

The curie (Ci) is a unit for measuring the quantity of radioactivity. It was originally defined as the
activity of 1 gram of Ra-226. One curie is equivalent to 37 billion (3.7 x 10™) disintegrations per
second (dps) or is a quantity of any radionuclide that decays at the rate of 37 billion dps. Nuclear
disintegrations produce spontaneous emissions of alpha or beta particles, gamma radiation, or

combinations of these. The curie is a very large amount of activity. Therefore, sub-multiples of the

9
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curie are often used, such as the millicurie (mCi) = 10 Ci, microcurie (UCi) = 10" Ci, and picocurie
(pCi) = 10 Ci.

Counts per minute (cpm) is another measure of radioactivity. It is the number of atoms in a given
quantity of radioactive material that are detected to have decayed in one minute. Disintegrations per
minute (dpm) is also a measure of radioactivity. It is the number of atoms in a given quantity of
radioactive material that decay in one minute. Dpm is similar to cpm; however, the efficiency of the
radiation detector must be accounted for when analyzing data in cpm. Dpm is the number of atoms
that have decayed, not the number of atoms that have been measured as decayed. Dpm is commonly

used as a measure of radioactive contamination.

4.2 Potential Risks to Exposure to Ra-226 in Soil at Great Kills Park

The USEPA classifies all radionuclides as Class A carcinogens, and methodologies currently are in
place for assessing risks from radionuclides. Ingestion, inhalation, and external exposure cancer slope
factors (risk coefficients for total cancer morbidity) have been developed for radionuclides in
conventional units of pCi. For the purposes of this cursory risk evaluation, it is assumed that any risk
from exposure to Ra-226 in the soil at Great Kills Park would likely be from potential external
exposure to gamma radiation associated with Ra-226. Although Ra-226 is primarily an alpha emitter,
it is assumed that the risk associated with the alpha radiation would be negligible because ingestion of

soil is not a complete exposure pathway.

The slope factor for external exposure to Ra-226 (plus decay products) is 8.49 x 10™ risk/year per
pCi/g (USEPA, 2001). External exposure slope factors are central estimates of lifetime attributable
radiation cancer incidence risk for each year of exposure to external radiation from photon-emitting
radionuclides distributed uniformly in a thick layer of soil. When combined with site-specific media
concentration data and appropriate exposure assumptions, slope factors can be used to estimate

lifetime cancer risks to member of the general population due to radionuclide exposure.

At this time, sufficient information is not available to conduct a quantitative risk assessment using
current methodologies provided by USEPA (USEPA, 1989). However, a cursory, qualitative
assessment of potential risks to human health based on current information provided by NPS is

provided in the following paragraphs.
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As previously mentioned, in August 2005, during a ground survey of the area where the radioactive
emission was detected, a soil sample (500 grams [g]) was collected from the area with the maximum
detected radiation level. A reading of 1.18 mR/hr of Ra-226 (value includes background) was
obtained with an Exploranium GR-135 meter. A measurement of 202,504 cpm (value includes
background) was also taken at that same location (using a 2” x 2” Sodium lodide coupled with a

Ludlum 2221 Scaler/Ratemeter). The contamination was determined to be Ra-226.

In order to provide a cursory risk evaluation from exposure to the source at Great Kills Park, the
concentration of Ra-226 in pCi/g was estimated using the measurements obtained in August 2005.
The first step was determining that an efficiency of 20 percent is typical for the radiation detector used
to obtain the cpm measurement. Applying this efficiency, a value of 1.01 x 10% dpm was calculated.
As noted above, one curie equals 3.7 x 10™° dps, or 2.22 x 10* dpm. Therefore, the recorded cpm
value would be roughly equal to 456,090 pCi. Assuming the quantity of soil collected was 500 g, the

soil concentration could be roughly estimated to be 912 picocuries per gram (pCi/g).

The appropriate background for Ra-226 is approximately 1.2 pCi/g (for analytical methods that avoid
U-235 interference) (Dreyer, 2007). Information provided by NPS indicated that the measurements
obtained from the survey completed in August 2005 included background. Although the
measurements did include background, the estimated value of 912 pCi/g is two orders of magnitude
above the referenced background. At a minimum, this indicates that the source is not naturally
occurring and contamination likely is present at the Site. For example, a literature source noted that
common radiation sources are radioluminescent products and that typical quantities range from pCi to
mCi (IEM Tool Box). The quantity measured at the Site in August 2005 (456,090 pCi or 0.456 uCi)

is near this range.

The absorbed dose reading 1.18 mR/hr would correspond to an effective dose equivalent of
1.18 mrem/hr since the Q value of gamma radiation equals 1. A dose of 1 millirem (mrem) has a
biological effect similar to the dose received from an approximate one-day exposure to natural
background radiation. Given that the location of the source is remote and inaccessible (enclosed by
fencing), it is not expected that a park user would exceed the 10 mR/yr standard for the general public
presented in the NYSDEC TAGM 4003 (NYSDEC, 1993).

11
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4.3 Results of Cursory Risk Evaluation

The quantity of radiation measured at the Site indicates that the source is not naturally occurring but is
unlikely to have resulted in health risks to the public (specifically park users). It does not appear that
the measured doses at the known locations pose any immediate threat to public health. This
determination is consistent with the “Health Consultation, Great Kills Park” conducted by the Agency
for Toxic Substances and Disease Registry (ATSDR) provided through the USEPA on May 25, 2007.
A copy of the ATSDR Health Consultation Document is provided in Appendix F. As an added
precaution, however, NPS has installed fencing to isolate the five above-background detections
pending further evaluation. Note that the 6000 mR estimated upper bound of radiation exposure for
Sewer Line Area 1, presented in Table 3 of the ASTDR Health Consultation Document, is a very

conservative estimate.

Recommendations

The ideal protection from external radiation is removal of the source. However, if this is not feasible,
then exposure of individuals to external radiation may be controlled by concurrent application of one

or more of the following three techniques (Cember, 1992):

e Minimizing exposure time
e Maximizing distance from the radiation source

e Shielding the radiation source

Shielding the radiation source is not a realistic option for protection from external radiation emitted
from Ra-226. However, time and distance are viable tools in protecting the public and on-site
workers. Therefore, limiting the amount of time working at the Site and the distance from the actual
source are recommended for controlling potential exposures. Note that the five areas of background
exceedance identified in the USEPA (2005) and NYCDOHMH (2006) surveys have been fenced to

prevent public access.

12
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Uncertainties

This cursory risk evaluation was conducted with limited information. As a result, there is a large
amount of uncertainty associated with the evaluation. Uncertainties were encountered primarily in the

following elements of the evaluation:

Lack of comprehensive description of the Site

o Lack of detailed information of survey techniques. In order to determine accurate exposure
levels, it is necessary to know how the measurement was obtained (i.e., configuration of
radiation source [point or surface], distance from detector to source, type of soil sample

[composite or grab], etc.)

e Inconsistent measurement units presented in various reports (1.2 prem vs. 1.18 mR).

Assumed higher measurement for evaluation

e Estimation of soil Ra-226 concentration from cpm data and assumption of instrument

efficiency

e Assumption of uniform exposure to the entire body

e Inclusion of background in estimation of soil Ra-226 concentration
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Based on the compilation and review of available literature and interviews with persons

knowledgeable about the Site, the following conclusions are presented:

Radioactive emissions have been detected at five locations at levels above background.

e The radiological contamination at the Site appears to be radium (identified as Radium-226)

and the radioactive products of its decay.

e The radiological contaminants identified are not likely to pose an immediate health risk to

park users.

e NPS has isolated with fencing the five suspect areas to further reduce risk of exposure.

5.2 Recommendations

Based on the results of this PA, the following actions are recommended:

e Excavate and dispose at an appropriate off-site facility the five locations of radium-
contaminated soils identified by USEPA and NYCDOHMH. Soil contamination is expected
to be shallow (between 6 inches and 2 feet of the existing ground surface). Upon removal, the
location will be field screened to verify the reduction of radiation to background levels. This
action may be undertaken as a Time Critical Removal Action (TCRA) consistent with
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and
the National Contingency Plan (NCP).

e “Public access sites within the footprint of the old landfill, such as park ball fields, roads/fire
access road, parking areas, Harbor Beach, hiking trail, Model Airplane Field and phragmities
fire areas, have been screened by the USEPA, NYCDOHMH or the NYPD.” In the event that
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other remaining sections of the old landfill site become cleared of vegetation or are otherwise
disturbed (e.qg., fire or park projects), it is recommended that NPS implement a radiological
screening protocol. This would be based upon and similar to actions applied during the 2007
radiological screening activities, including the 2007 phragmites fire. If additional
contamination is encountered, then the removal, disposal, and confirmation process

recommended above should be followed.
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